Tin oxide (SnO 2 ) nanofibers are successfully prepared by electrospinning homogeneous viscous solutions of tin acetate in polyvinylpyrrolidone (PVP). The electrospinning is carried out by applying a DC voltage to the tip of a syringe and maintaining the tip to collector distance (TCD), i.e. at DC electric field of 1.25 kV•cm −1 . The electrospun nanofibers are calcined between 550˚C and 650˚C for 4 h. Both spun and heat treated nanofibers are characterized by X-ray diffraction (XRD), transmission electron microscopy (TEM), Fourier transform infra red spectroscopy (FTIR) etc. XRD analysis of calcined nanofibers confirms the formation of pure tin oxide. TEM study showed that fibers have a polycrystalline structure with multiple nano-grains.
Introduction
One-dimensional (1D) nanomaterials have stimulated great interest due to their importance in basic scientific research and potential technological applications [1] - [3] . It is generally accepted that 1D nanostructures are ideal systems for exploring a large number of novel phenomena at the nanoscale and investigating the size and dimensionality dependence of structure properties for potential applications [4] . 1D nanomaterials are also expected to play an important role as both interconnects and functional units in fabricating electronic, optoelectronic, electrochemical, and electromechanical devices with nanoscale dimensions [5] . Among the inorganic semiconductor nanomaterials, 1D metal oxide nanostructures are the focus of current research efforts in nanotechnology since they are the most common minerals on the Earth due to their special shapes, compositions, and chemical, and physical properties.
Tin oxide is an n-type wide band gap semiconductor and it is being used in a variety of applications such as gas sensors [6] [7] and optoelectronic devices [8] [9] . SnO 2 gas sensors give a conductance change according to the chemical interaction between the reducing/oxidizing gases and surface adsorbed species. To enhance the gas response, the particle size needs to be decreased to the thickness level of the electron depletion layer [10] [11] . However, the strong agglomeration between primary particles often hampers the diffusion of analyte gas toward the entire sensing surface, which decreases the gas response [12] [13] . The properties of SnO 2 in various forms such as nanoparticles [14] , nanowires [15] , nanobelts [16] and other one-dimensional nanostructures have been extensively studied. In comparison with solid one-dimensional nanomaterials, nanotubes gain the advantages in practical applications to catalysts and gas sensors, owing to their higher surface-to-volume ratio. Moreover, the previous studies have been suggested that, the nanostructure's surface plays a significant role in defining their conductivity. Generally, the conventional methods for preparing SnO 2 nanotubes by self assembly [17] and templates directed process [18] often suffer from strict synthesis conditions or tedious procedures. Electrospinning has been considered as a simple and efficient method for producing polycrystalline nanofibers from a rich variety of materials including TiO 2 [19] , SnO 2 [20] , WO 3 [21] , SnO 2 -TiO 2 bi-component nanowires [22] , MoO 3 [23] , ZnO [24] , and metal modified TiO 2 nanofibers [25] . However, templates and the co-electrospinning technique [26] had to be used for forming inorganic nanotubes. A one-step method for the fabrication of SnO 2 nanofibers by directly annealing electrospun composite nanofibers has been presented in this work.
Experiment

Chemicals and Materials
Stannic chloride pentahydrate (SnCl 4 •5H 2 O), ethanol and N,N-dimethylformamide (DMF), Polyvinylpyrrolidone (PVP, Mw = 1,300,000 g•mol −1 ) were purchased from Sigma Aldrich.
Instruments
The X-ray diffraction was from RigakuMinifiex, Japan and the transmission electron microscopy (TEM) was from JEOL, JEM-2010. The FT-IR spectra were PerkinElmer, USA.
Preparation of SnO 2 Nanofibers
Transparent spinning solution was prepared by adding 3 g of SnCl 4 •5H 2 O into 10 wt% PVP in ethanol/DMF solvent mixture (weight ratio 1:1), and the weight ratio of PVP and SnCl 4 •5H 2 O was also 1:1, followed by magnetic stirring at ambient temperature for 24 h. Later, as-prepared solution was introduced in 10 ml syringe with a hypodermic needle (dia. 2 mm) in a controlled electrospinning setup. The flow rate and applied electric field was varied to obtain the optimal conditions for the electrospun fibers. The obtained optimal condition was as follows: flow rate 0.2 ml/h and the applied electric field 1.25 kV/cm. High electric field strength (1.4 kV/cm) was employed to enable for the high stretch rates of the electrospun jet. The distance between the needle tip and the collector against the applied electric field was set as 18 cm. The longer distance between the needle tip and the collector aided the stretching of the jet due to the increase in the distance covered by the spiraling electrospun jet before being deposited on the collector. The fiber mesh obtained was then annealed to obtain SnO 2 nanofibers. The electrospun fibers were calcined at 550˚C -650˚C for 4 h.
Characterization of the Fabricated Materials
The fine calcined powders were used to characterize the structural and microstructural properties of the compound. The X-ray diffraction pattern of the compounds were recorded at room temperature using X-ray powder diffractometer with CuKα (α = 1.5418 Å) radiation in a wide range of Bragg angles 2θ (20˚ ≤ 2θ ≤ 70˚) at a scanning rate of 2˚ min −1 . The structures of the electrospun nanofibers were observed by transmission electron microscopy, Spectroscopic characterization has been investigated by a Fourier-transform infrared (FT-IR) spectrophotometer. Figure 1 shows that the XRD pattern of the SnO 2 nanofiber calcined at ~600˚C for 4 h. It can be seen that all the No characteristic peaks of impurities were observed, indicating the high purity of the products. This figure shows the electrospun SnO 2 fibers crystallized into the cassiterite structure with primary (110), (101), and (200) crystallite orientations. For the as-prepared SnO 2 nanofiber, by using Scherrer's formula,
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(where D is the mean grain size, K (=0.94) is the Scherrer's constant related to the shape and index (h.k.l) of the crystal, θ is diffraction angle and λ is the X-ray wavelength used CuKα, 1.54056 Å, β 2θ is broadening of diffraction lines measured at half of its maximum intensity (in radian)). We estimated that the average grain size was about 11 nm. The lattice parameters were calculated from POWD software for the tetragonal crystal structure and were found to be A = 7.5650 Å, c = 15.0642 Å, c/a = 1.9913 Å Figure 2(a) shows the transmission electron microscopy (TEM) image of the nanofibers after calcination, indicating that the fibers were formed through the agglomeration in small beadforms. The average particle size of SnO 2 nanofiber observed in TEM image was computed to be 11.731 nm (Figure 2(b) ) through the statistical distribution calculation. The selected area electron diffraction (SAED pattern Figure 2 Table 1) . Subsequently, two distinct diffraction planes were indexed as (110) and (101) facets which correspond to the tetragonal phase of tin oxide. Figure 3 shows the Williamson Hall plot of the SnO 2 nanofiber indicating crystalline strain of the material is about 0.04221. It relies on the principle that the approximate formulae for size broadening, β L , and strain broadening, β e , vary quite differently with respect to Bragg angle, θ: One contribution varies as 1/cosθ and the other as tanθ. If both contributions are present then their combined effect should be determined by convolution. The simplification of Williamson and Hall is to assume the convolution is either a simple sum or sum of squares (see previous discussion on Sources of Peak Broadening within this section). Using the former of these then we get: 
TEM Analysis
If we multiply this equation by cosθ we get:
and comparing this to the standard equation for a straight line (m = slope; c = intercept)
We see that by plotting β tot cosθ versus sinθ we obtain the strain component from the slope (Cε). Figure 4 sows the FTIR spectra of the prepared SnO 2 samples dried at 80˚C. The peaks around 1645 and 3421 cm −1 correspond to the bending vibrations of absorbed molecular water and the stretching vibrations of-OH groups respectively. The weak peaks at 2367 and 2907 cm −1 belong to the stretching vibrations of-C-H-bonds, and the ones at 1405, 1257 and 1023 cm −1 correspond to the bending vibrations of -CH 2 and -CH 3 , which shows that a few organic groups are absorbed on the surfaces of SnO 2 nanoparticles [27] . From this spectrum, it can be observed apparently at 663 cm −1 that strong band associated with the antisymmetric Sn-O-Sn stretching mode of the surface-bridging oxide formed by condensation of adjacent surface hydroxyl groups. 
FT-IR Analysis
Conclusion
In conclusion, SnO 2 nanofibers have been produced by an electrospinning method and characterized by X-ray powder diffraction (XRD) and transmission scanning electron microscopy (TEM). The XRD result showed that SnO 2 nanofibers have tetragonal cassiterite crystalline phase. The best annealing temperature is about 600˚C. The sizes of the nanoparticles in the nanofibers estimated by TEM were found be about 11 nm while those of the nanofiber lie in the range of about 100 -200 nm.
